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Abstract 
n quantitative analysis of water and wastewater flow 
focusing on domestic sector. Nitrogen was quantified and assessed its distribution by Material Flow Analysis MFA . 
Field surveys and questionnaires for 300 households were conducted within three zones of Bangkok city inner city, 
urban fringe, and suburban . Nitrogen flow analysis revealed that the main pathways of nitrogen for greywater and 
blackwater were to sewerage system and onsite sanitation system OSS , respectively. With treatment facilities, 
wastewater from households was distributed into four facilities: OSS 44.51% N ; decentralized wastewater treatment 
plants WWTPs  0.18% N ; centralized WWTPs 4.80% N septage treatment plants 0.64% N . 
Simultaneously, nitrogen discharge to environment could reduce through OSS, decentralized WWTPs, centralized 
WWTPs and STPs from 26,011 to 4,540 ton N/year or at 82.55% reduction. In aspect of without treatment facilities, 
the remaining of wastewater was distributed to environment at 45.49% total wastewater from household. At the urban 
fringe zone, large wastewater flowed to environment without treatment 27.41% total wastewater from household . 
Meanwhile, septage was represented an important nutrient source. Non-treated septage distributed large amount of 
nitrogen 32.17% N with its small amount of flow into environment 1.92% total wastewater from household . 
Combinations of four treatment facilities including the OSS, decentralized WWTPs, centralized WWTPs and STPs 
were proposed as scenarios to reduce the existing discharge of 28,379.2 ton N/year to the environment. With the 
existing treatment facilities and practical scenario for each zone, nitrogen discharge could be reduce to 7,559.7 ton 
N/year 73.36% reduction with the strategies of centralized WWTPs for the inner city zone, the combination of 
decentralized and existing centralized WWTPs for the urban fringe zone, OSS for the suburban zone, and septage 
collection to STPs for all zones. 
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1. Introduction 
Bangkok is the capital city of Thailand which is a developing country. It has undergone rapid 
urbanization. As in many mega cities in developing countries, sanitation problems have accompanied the 
fast growth of city. Chao Phraya River is used as water resource of tap water supply while characteristics 
were indicated to decadence water resources [1]. Bangkok Metropolitan Administration set up monitoring 
points more than 100 points in many canals along Chao Phraya River with monthly monitoring. The 
quality of surface water in Bangkok city shows the sign of deterioration such as black color and offending 
-1.5 
mg/L which is considered unacceptable according to the surface water quality standard [2]. Early 
recognition of environmental problems and their causes has not been shown clearly. Presently, Material 
Flow Analysis MFA  is used to early detect environmental problems. MFA is an appropriate method to 
answer the questions of material flows since it studies the resources used and transformed during their 
flow processes until discharge. MFA can be used effectively as a tool for sanitation planning as it 
considers domestic wastewater and sanitation system in an integrated way [3, 4]. In addition, nitrogen N  
is one of major limiting nutrients in water resources because nitrogen can lead to phenomenon of 
eutrophication when it is over abundance in water resources [5]. Bangkok city is the mega city and can be 
classified into three zones: inner city, urban fringe, and suburban. Characteristics of water and wastewater 
flow are different among three zones, so that strategies of wastewater management should be also 
different. This research aimed to quantitatively analyze domestic wastewater and nitrogen flows by 
material flow analysis; and propose implemented solutions by scenario simulation based on area zoning 
analysis. The results can be one approach to control other nutrients or organic substances in environment 
and applied for better sanitation management. 
2. Materials and Methods 
For proper strategies of sanitation management in a mega city like Bangkok, material flow analysis 
based on area zoning should be an effective approach. However, the secondary data of each zone is 
limited. Therefore, this research aims at filling the gap of secondary data which not available and 
representation in-depth detail of domestic wastewater pathways with the questionnaire survey of each 
zone in Bangkok city. 
2.1 Area zoning and questionnaire approach 
In this study, Bangkok city was categorized into three zones as shown in Figure 1. There are inner city, 
urban fringe and suburban zones following the classification of the Division of Urban Planning, Bangkok 
Metropolitan Administration [6]. The inner city zone covers 22 districts, which are main concentration 
area for government offices, commercial activities, educational establishments, historical conservation 
areas and living quarters. The urban fringe zone covers 22 districts, which are new central business 
district accommodating outward increase in the numbers of business and commercial activities. The 
suburban zone covers 6 districts, which are outer part of Bangkok city linked to the inner city by radial 
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roads northwards and southwards to Nonthaburi and Samut Prakarn, eastwards and westwards to Cha 
Choengsao and Nakhon Pathom. Approximately 25% of suburban zone have been classified as residential 
areas. The remaining 75% of the land are utilized for manufacturing and commercial activities while 
large parts of the land remain under agricultural area [7]. In year of 2010, there are 2,400,540 households 
in Bangkok city which had been estimated to 35.71%, 49.75% and 14.53% total households for zoning of 
inner city, urban fringe and suburban, respectively [8]. This study was conducted questionnaire of 300 
households in three zones n = 100 households/zone ere  in duration of 
February-March 2012 s e  
 
 
Fig. 1. Area zoning of Bangkok city 
2.2 Data acquisition 
through relevant processes until discharge to environment. The water flow diagram of Bangkok  
sanitation system is shown in Figure 2. 
sanitation system, secondary data was obtained from official reports by related organizations. For not 
available data, field survey, questionnaire, field sampling and laboratory analysis were conducted. 
Determination methods for water and nitrogen flows were summarized in Table 1 and 2, respectively. 
Details of data acquisition were described as follows: 
 Statistical data: Water flows and nitrogen concentrations were obtained from official reports by related 
organizations such as Metropolitan Waterworks Authority, National Statistical Office, Department of 
Drainage and Sewerage, Department of Health, Pollution Control Department, and Bangkok 
Metropolitan Administration. 
 Calculation: Water flows were calculated based on mass balance over the processes. 
 Reference data: Due to not available data in Bangkok city, secondary data from nearby area which 
have similar management based on literature review were applied to water flow.  
 Questionnaire: This includes observation and interview to know pathways of water flow in each 
household. Water flows were obtained from summation of 300 questionnaires. 
 Assumption: Nitrogen concentrations of leaked water, tap water, groundwater and bottled water were 
assumed to be zero. Their statistical data are not available. Total nitrogen and Total Kjeldahl Nitrogen 
TKN are not control parameters in Thai water quality standards.Field sampling and laboratory 
analysis: Wastewater samples of greywater and blackwater at household, effluent at decentralized 
Thailand 
Inner City 
 
Urban Fringe 
 
Suburban 
Chao Phraya River 
Bangkok City 
589 Thapanee Buathong et al. /  Procedia Environmental Sciences  17 ( 2013 )  586 – 595 
WWTP, seepage at septic tank, septage, fecal sludge and effluent at septage treatment plant were 
collected in September 2011. Nitrogen concentrations were analysed in laboratory by TKN method. 
Material Flow Analysis MFA It 
m3/year [N], mg N/L
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Fig. 2.  
 
Table 1. Data acquisition and calculation equation for water flow 
Material Data acquisition Calculation equation 
River water Calculation Leaked water + Tap water 
Leaked water Statistical data [9] % Water loss × Water production (m3/year) 
Tap water Statistical data [9, 10] Tap water (m3/day) × 365 
Groundwater Statistical data [10] (Households use groundwater × tap water)/ households use tap water 
Bottled water Statistical data [10] (Households use bottled water × tap water)/ households use tap water 
Surface water Statistical data [10] (Households use surface water × tap water)/ households use tap water 
Greywater 1 Questionnaire (% Households discharge greywater to water resources × Total greywater)/100 
Greyeater 2 Questionnaire (% Households discharge greywater to sewerage system × Total greywater)/100 
Greywater 3 Questionnaire (% Households discharge greywater to onsite sanitation system × Total greywater)/100 
Greywater 4 Questionnaire (% Households discharge greywater to soil × Total greywater)/100 
Blackwater  Questionnaire (% Households flush blackwater to onsite sanitation system × Total blackwater)/100 
Sewage 1 Statistical data [11] Wastewater to 7 centralized WWTPs in Bangkok city × 365 
Treated sewage 1 Calculation Sewage 1 
Sewage 2 Calculation (Blackwater 2 + Greywater 2 + Effluent 1)  (Sewage 1 + Sewage 3) 
Sewage 3 Statistical data [12] Wastewater to 12 decentralized WWTPs × 365 
Treated sewage 3 Calculation Sewage 3 
Effluent 1 Reference data (% Onsite sanitation system connect to sewerage system × Greywater 3)/100 
Effluent 2 Calculation Greywater 3  Effluent 1 
Seepage Calculation Blackwater 3  Septage 1 
Septage 1 Statistical data [13, 14] (% Septage × Blackwater 3)/100 
Septage 2 Statistical data [15] Septage collection to septage treatment plants (m3/day) × 365 
Septage 3 Reference data [3] (% Septage to water resources × Illegal septage dumping)/100 
Septage 4 Reference data [3] (% Septage to soil × Illegal septage dumping)/100 
Fecal sludge Statistical data [14] (% Fecal sludge × Septage 2)/100 
Effluent 3 Calculation Septage 2  Fecal sludge  
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Table 2. Data acquisition and calculation equation for nitrogen flow 
Material Data acquisition Calculation equation 
River water Statistical data [16] N concentration of river water × River water flow 
Leaked water Assumption N concentration of river water × Leaked water flow 
Tap water Assumption N concentration of tap water × Tap water flow 
Groundwater Assumption N concentration of groundwater × Groundwater flow 
Bottled water Assumption N concentration of bottled water × Bottled water flow 
Surface water Statistical data [17] N concentration of surface water × Surface water flow 
Greywater 1 Field sampling and laboratory analysis N concentration of greywater from household × Greywater 1 flow 
Greyeater 2 Field sampling and laboratory analysis N concentration of greywater from household × Greywater 2 flow 
Greywater 3 Field sampling and laboratory analysis N concentration of greywater from household × Greywater 3 flow 
Greywater 4 Field sampling and laboratory analysis N concentration of greywater from household × Greywater 4 flows 
Blackwater  Field sampling and laboratory analysis N concentration of blackwater from household × Blackwater flow 
Sewage 1 Statistical data [18] N concentration of influent of centralized WWTP × Sewage 1 flow 
Treated sewage 1 Statistical data [18] N concentration of effluent of centralized WWTP × Treated sewage flow 
Sewage 2 Field sampling and laboratory analysis N concentration of influent of decentralized WWTP × Sewage 2 flow 
Sewage 3 Field sampling and laboratory analysis N concentration of influent of decentralized WWTP × Sewage 3 flow 
Treated sewage 3 Field sampling and laboratory analysis N concentration of effluent of decentralized WWTP × Treated sewage 3 flow 
Effluent 1 Field sampling and laboratory analysis N concentration of effluent from onsite sanitation system × Effluent 1 flow 
Effluent 2 Field sampling and laboratory analysis N concentration of effluent from onsite sanitation system × Effluent 2 flow 
Seepage Field sampling and laboratory analysis N concentration of effluent from onsite sanitation system × Seepage flow 
Septage 1 Field sampling and laboratory analysis N concentration of septage from septage treatment plant × Septage 1 flow 
Septage 2 Field sampling and laboratory analysis N concentration of septage from septage treatment plant × Septage 2 flow 
Septage 3 Field sampling and laboratory analysis N concentration of septage from septage treatment plant × Septage 3 flow 
Septage 4 Field sampling and laboratory analysis N concentration of septage from septage treatment plant × Septage 4 flow 
Fecal sludge Field sampling and laboratory analysis N concentration of fecal sludge from septage treatment plant × Fecal sludge flow 
Effluent 3 Field sampling and laboratory analysis N concentration of effluent from septage treatment plant × Effluent 3 flow  
2.3 Scenario simulation 
s 
sanitation system were identified. Alternative scenarios were proposed to reduce nitrogen discharge to 
environment. This research proposed three scenarios with combination of OSS, decentralized WWTPs, 
centralized WWTPs and STPs. Sanitation improvement by scenario 1 was presented by existing and 
proposed centralized WWTPs for all zones. Scenario 2 was presented by existing and proposed 
centralized WWTPs for inner city and urban fringe, and proposed decentralized WWTPs for suburban. 
Scenario 3 was presented by existing and proposed centralized WWTPs for inner city, existing 
centralized WWTPs and proposed decentralized WWTPs for urban fringe, and proposed OSS for 
suburban. Selection of suitable scenario was concerned not only percentage of nitrogen reduction to the 
environment but also its practical implementation. 
3. Results and Discussion 
3.1 Water and nitrogen flows of each zone 
wastewater. Water and nitrogen flows in inner city, urban fringe and suburban zones are shown in Figure 
3. Water supply in each zone was calculated from 872×106 m3/year water supply in Bangkok city based 
on percentage of household in each zone. Greywater from households was discharged into four processes: 
sewerage system; onsite sanitation system; water resources; and soil [19]. Main pathways of greywater in 
inner city, urban fringe and suburban were 229×106 m3/year to sewerage system, 226×106 m3/year to 
sewerage system and 51×106 m3/year to soil, respectively. Simultaneously, blackwater was discharge to 
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OSS only. For sewage from sewerage system, some parts were discharged to centralized WWTPs for 
treatment, especially inner city where WWTPs were operated. The remaining was discharged at the end 
of pipe to water resources and soil, especially suburban where WWTPs are not available. The highest 
portions of nitrogen flown to environment were from seepage of OSS for inner city and suburban fringe, 
and from direct greywater for suburban. 
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Fig. 3. Water and nitrogen flows of each zone: a inner city; b urban fringe; c suburban 
3.2 Water and nitrogen flows of integrated all zones: whole Bangkok city 
Ten processes related domestic wastewater were water treatment plants WTPs
OSS , sewerage system, decentralized wastewater treatment plants WWTPs , 
centralized WWTPs, septage collection, septage treatment plants STPs , water resources and soil. Water 
and nitrogen flows of integrated all zones are shown in Figure 4. Main water supply for households was 
tap water that taken from river through WTPs. Households produced domestic wastewater of 872×106 
m3/year including greywater and blackwater. With questionnaire survey, 56.77% of wastewater was 
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discharged as greywater to sewerage system with nitrogen mass at 9,088 ton N/year greywater 2 . 
Simultaneously, 20% of wastewater was discharged as total blackwater to OSS with nitrogen mass at 
39,069 ton N/year blackwater . A septic tank was the main OSS, while Septic-Anaerobic filter treatment 
SAT tanks were set up for new households and decentralized WWTPs were constructed for 
communities. Effluent from OSS was discharged to sewerage system in case of SAT tank and 
consequently to decentralized WWTP, while effluent from septic tank permeate into soil as seepage. 
Sewage from sewerage system was divided into three pathways and flowed to centralized WWTPs, 
decentralized WWTPs and water resources directly. An accumulation of septage was treated 0.3×106 
m3/year at STPs [5]. High nitrogen mass distributed to water resources and soil with septage 3 15,025 
ton N/year , sewage 2 4,459 ton N/year  and seepage 2,790 ton N/year . 
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Fig. 4. Water and nitrogen flows of integrated all zones 
3.3 Distribution of water and nitrogen to environment 
Water and nitrogen distribution based on area zoning were analyzed and shown in Table 3. Our 
hypothesis is that sanitation management for mega city like Bangkok should be different corresponding to 
different characteristic of area such as land use, population density, and etc. Therefore area zoning 
analysis and questionnaire investigation approach were adopted in order to present in more details of 
treatment facilities in each zone of Bangkok city which should be differentiable. Presently, there are 7 
centralized WWTPs and 12 decentralized WWTPs for domestic wastewater treatment In inner city, 
sewerage system discharged sewage 1inner city at 175×106 m3/year to 5 centralized WWTPs Rattanakosin, 
Si Phraya, Chatuchak, Din Daeng, Chong Nonsi , sewage 2inner city at 52.5×106 m3/year to water resources 
and sewage 3inner city at 1.6×106 m3/year to 3 decentralized WWTPs Huay Khwang, Bonkai, Klongtoey
×106 m3/year to 2 centralized WWTPs 
Nong Khaem, Thung Khru ×
fringe at 3×106 m3/year to 8 decentralized WWTPs Thasai, Thung Songhong I, Thung Songhong II, 
Bangbua, Raminthra, Huamark, Klong Chan, Bangna  
× at 0.7×106 m3/year to decentralized 
WWTP Rom Klao .  
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Table 3. Water and nitrogen distribution  
 
Flow 
Water Nitrogen Nitrogen  
discharged to 
environment 
(ton N/year) 
(×106 m3/year)  (%)  (ton N/year) (%) 
Total from households 872.0 100.00 51,897.0 100.00 
Distribution to:  
 
W
ith
 
tre
at
m
en
t f
ac
ili
tie
s 
Onsite sanitation system  214.0 24.54 23,097.0  44.51 3,799.0 
 Inner city 63.0 7.22 7,991.0 15.40 1,118.0 
 Urban fringe 120.0 13.76 11,741.0 22.62 2,130.0 
 Suburban 31.0 3.56 3,365.0 6.48 551.0 
Decentralized WWTPs 5.3 0.61 94.0 0.18 30.0 
 Inner city 1.6 0.18 28.0 0.05 9.0 
 Urban fringe 3.0 0.34 53.0 0.10 17.0 
 Suburban 0.7 0.08 13.0 0.03 4.0 
Centralized WWTPs 239.0 27.41 2,490.0 4.80 666.0 
 Inner city 175.0 20.07 1,827.0 3.52 489.0 
 Urban fringe 64.0 7.34 663.0 1.28 177.0 
 Suburban 0.0 0.00 0.0 0.00 0.0 
Septage treatment plants 0.3 0.03 330.0 0.64 45.0 
Total 458.6 52.59 26,011.0 50.12 4,540.0 
 
W
ith
ou
t 
tre
at
m
en
t f
ac
ili
tie
s Wastewater 396.7  45.49 7,145.2.0  13.77 7,145.2 
 Inner city 64.4 7.39 1,160.2 2.24 1,160.2 
 Urban fringe 239.0 27.41 4,296.0 8.28 4,296.0 
 Suburban 93.3 10.70 1,689.0 3.25 1,689.0 
Septage 16.7 1.92 16,694.0 32.17 16,694.0 
Total 413.4 47.41 23,839.2 45.94 23,839.2 
Loss in sewerage system 0.0 0.00 2,046.8 3.94 0.0 
Total distribution 872.0 100.00 51,897.0 100.00 28,379.2 
a (Greywater 3 + Blackwater) 1 
b Greywater 1 + Greywater 4 + Sewage 2 ent 1 
b b 
a a 
 
With treatment facilities, 26,011 ton N/year was distributed into four processes: OSS 44.51% N ; 
decentralized WWTPs 0.18% N 4.80% N ; and STPs 0.64% N . In details, 
questionnaire investigation represents that OSS was installed at urban fringe zone more than at inner city 
and suburban zones, respectively. One of reason is the increasing of new central business, commercial 
activities including households in urban fringe zone. Beside, urban fringe zone have two centralized 
WWTPs, while inner city zone have five centralized WWTPs [20]. Corresponding with this reason, 
wastewater at inner city zone flowed into centralized WWTPs more than at urban fringe and suburban zone. 
In aspect of without treatment facilities, the remaining of wastewater and septage were distributed to 
environment with 45.49% and 1.92%, respectively. Urban fringe zone showed large wastewater flowed to 
environment without treatment 27.41% . Likewise, wastewater collection networks in Sao Paulo Brazil  
are insufficient because they have not been extended to keep pace with the city growth [21]. In the 
Northern Uplands region of Vietnam, Viet Tri, 60% of nitrogen was discharged with the excreta in 
surface water or on the soil, resulting in water pollution. Septage from OSS is dumped without prior 
treatment into surface water or onto the soil. The effluent from septic tanks usually flows in open 
drainage channels and ends up in larger channels/rivers or in fish ponds [22]. The main wastewater 
problem in developing countries often occurs from insufficient planning and management. 
3.4 Assessment of scenarios for sanitation improvement 
According to the results found from questionnaire investigation for each zone. Area zoning analysis of 
water and nitrogen flows in Bangkok city was used to assess scenarios and impact in this section. 
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Alternative scenarios were proposed to reduce nitrogen discharge to environment as shown in Table 4. 
Presently, treatment facilities for domestic wastewater are 5 centralized WWTPs and 3 decentralized 
WWTPs for inner city, 2 centralized WWTPs and 8 decentralized WWTPs for urban fringe, and 1 
decentralized WWTP for suburban zone.  
Table 4. Scenarios for wastewater and septage management  
Treatment facilities 
Water flow 
(×106 m3/year) 
Nitrogen discharge to environment* (ton N/year) 
Present Scenario 1 Scenario 2 Scenario 3 
Distribution to: 
 Inner city 
Onsite sanitation system 63.0 1,118.0       
Decentralized WWTPs 1.6 9.0    
Centralized WWTPs 175.0 489.0 848.2 848.2 848.2 
Untreated wastewater 64.4 1,160.2    
Urban 
fringe 
Onsite sanitation system 120.0 2,130.0    
Decentralized WWTPs 3.0 17.0   2,063.4 
Centralized WWTPs 64.0 177.0 1,188.5 1,188.5 177.0 
Untreated wastewater 239.0 4,296.0    
Suburban 
Onsite sanitation system 31.0 551.0   2,222.5 
Decentralized WWTPs 0.7 4.0  712.5  
Centralized WWTPs 0.0 0.0 348.8   
Untreated wastewater 93.3 1,689.0    
All zones 
Septage treatment plants 0.3 45.0 2,248.6 2,248.6 2,248.6 
Untreated septaage 16.7 16,694.0    
Total 872.0 28,379.2 4,634.1  4,997.8 7,559.7 
* Nitrogen discharge to environment (ton N/year) = Water flow (×106 m3/year) × [N] water (mg/L) 
          - [N] effluent 1/ effluent 2/ seepage = 17.78 mg/L for onsite sanitation system 
          - [N] treated sewage 3 = 5.70 mg/L for decentralized wastewater treatment plants 
          - [N] treated sewage 1 = 2.79 mg/L for centralized wastewater treatment plants 
          - [N] effluent 3 = 43.45 mg/L, [N] fecal sludge = 726.74 mg/L for septage treatment plants  
With the zoning of Bangkok city, combinations of four treatment facilities including the OSS, 
decentralized WWTPs, centralized WWTP and STPs were proposed as scenarios to reduce the existing 
discharge of 28,379.2 ton N/year to the environment. As shown in Table 4, the best scenario is scenario 1 
with the option of centralized WWTPs for all zones which can reduce nitrogen to be 4,635 ton N/year. 
Centralized WWTPs are the best solution for inner city zone as the population density is quite high. 
However, as the least population density of suburban zone, construction of wastewater collection system 
for centralized or decentralized WWTPs may not be practical ways. Then, onsite sanitation system was 
proposed to be the option for suburban zone. Decentralized WWTPs and existing centralized WWTPs 
were selected for urban fringe zone. Therefore, with the existing treatment facilities and practical scenario 
for each zone, N discharge could reduce to be 7,559.7 tons N/year 73.36% reduction with the strategies 
of centralized WWTPs for inner city zone, the combination of decentralized and centralized WWTPs for 
the urban fringe zone, the OSS for the suburban zone, and septage collection to STPs for all zones 
Scenario 3 . 
4. Conclusions 
Households in Bangkok city produced 872×106 m3/year of domestic wastewater that contained 51,897 
ton N/year. With area zoning and questionnaire investigation approach, water and nitrogen flows were 
analyzed with zoning of inner city, urban fringe and suburban in Bangkok city. Wastewater and septage 
595 Thapanee Buathong et al. /  Procedia Environmental Sciences  17 ( 2013 )  586 – 595 
were treated at 458.6×106 m3/year 52.59% total wastewater from household . Then, 26,011 ton N/year 
50.12% N  were reduced and discharged to environment at 4,540 ton N/year. In aspect of without 
treatment facilities, 45.49% total wastewater from household discharged 13.77% N to environment. 
Urban fringe showed large wastewater 27.41% flowed to environment without treatment. Small amount 
of septage 1.92%  discharged large amount of nitrogen 32.17% N . Alternative scenarios were proposed 
to reduce nitrogen discharge to environment. Combinations of four treatment facilities including the OSS, 
decentralized WWTPs, centralized WWTPs and STPs were proposed as scenarios to reduce the existing 
discharge of 28,379.2 ton N/year. With the existing treatment facilities and practical scenario for each 
zone, N discharge could reduce to be 7,559.7 tons N/year (73.36% reduction) with the strategies of 
centralized WWTPs for the inner city zone, the combination of decentralized and centralized WWTPs for 
the urban fringe zone, the OSS for the suburban zone, and septage collection to STPs for all zones. 
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